Introduction
Overuse of antibiotics is the major driver of resistance as more and more studies have reported a positive relationship between antibiotic consumption and antimicrobial resistance (AMR). 1, 2 At the beginning of the 21st century, WHO developed global strategies to reduce antibiotic use. 3 However, antibiotic consumption is still on the rise globally, particularly in low-and middle-income countries. 4 China is the second largest human antibiotic consumer in the world. 4 In 2013, a mean of 57 g of antibiotics was used by each Chinese inhabitant. 5 As recommended by WHO, the antibiotic prescribing rate should be no more than 30% for patients with common colds, but this rate was .80% in China. 6 Owing to the irrational use of antibiotics, China experiences a high rate of AMR. The 2015 national AMR surveillance, which covered 1427 secondary and tertiary hospitals, reported that the proportion of MRSA was 36% and the proportions of Escherichia coli resistant to thirdgeneration cephalosporins and quinolones were 59% and 54%, respectively. 7 The Chinese government had made great efforts to combat AMR, issuing a series of strategies and guidelines on rational antibiotic use in the last decade. Since the 1950s, drug revenue was one of the main ways to compensate public hospitals in China. The government allowed these hospitals to add a 15% mark-up on medicines, which induced the increase of expenditures on medicines. To improve rational use of medicines, a zero mark-up policy (which removes profit from medicines) was first implemented in the primary healthcare system in 2009. 8 In the same year, the essential medicines scheme was issued with the purpose of guaranteeing supplies of essential medicines. Meanwhile, the drug centralized bidding procurement and supply chain system (referred to hereafter as 'CBP system') was established at provincial level for supporting the implementation of essential medicine policy. 9 All medicines (except for narcotic drugs, psychoactive drugs, radioactive drugs, toxic drugs for medical use and Chinese medicinal V C The Author(s) 2017. Published by Oxford University Press on behalf of the British Society for Antimicrobial Chemotherapy. All rights reserved. For Permissions, please email: journals.permissions@oup.com. materials) procured by government-run healthcare institutions should be traded and registered in this online non-commercial system. In 2012, a fierce regulation for clinical use of antibiotics was announced, which classified antibiotics into non-restricted, restricted and special antibiotics based on their effectiveness, safety, bacterial resistance and price. 10 Physicians with senior and intermediate professional titles were respectively permitted to prescribe all antibiotics, and all but special antibiotics. Junior physicians, which included general practitioners in primary healthcare institutions, could only prescribe non-restricted antibiotics. Then in 2014, the National Health and Family Planning Commission issued the policy to improve the rational use of antibiotics in primary healthcare centres (PHCs) for the first time. 11 Starting from 2012, the zero mark-up policy has been introduced to secondary public hospitals and covered all county-level public hospitals by the end of 2015. 12 In the same year, the National Health and Family Planning Commission updated the national guideline for antibiotic use in clinical practice and set prescription targets for secondary and tertiary public hospitals; meanwhile, these hospitals were required to regularly review and evaluate their prescriptions. 13, 14 Based on these strategies, antibiotic prescribing rates have significantly declined in secondary and higher level hospitals, as reported by a previous study. 15 Currently, the limited published articles on antibiotic consumption were mainly based on data from pharmaceutical manufacturers or market sales. 4, 5 Studies on antibiotic use in different levels of healthcare institutions based on national or provincial data are rare in China. The aim of this study was to evaluate antibiotic consumption patterns in public hospitals and PHCs from 2012 to 2016 through analysing the provincial centralized bidding antibiotic procurement data in Shandong Province, China. This study will help to establish a national platform for surveillance of antibiotic use at different levels of public healthcare institutions, and link this platform with the existing national surveillance platform on AMR.
Methods

Study setting
The east of China where Shandong Province is located consumed the largest amount of antibiotics among all regions in China. 5 Shandong Province has a population of 98.5 million, ranking second among 31 provinces in China. The rural population accounted for 52% of the total population in 2015. Shandong implemented the zero mark-up policy at all county-level public hospitals in 2015 and at secondary and tertiary public hospitals throughout urban areas in mid-2016.
Data collection
The CBP system was established in 2009 and was used across the whole province by the end of 2011. There were 500 secondary and tertiary hospitals, 600 urban PHCs and 1600 rural PHCs procured from this provincewide CBP system ( Table 1 ). The ratio of total outpatient visits and total numbers of admissions were both 10:1 public hospitals to private hospitals; 16 thus, data collected from the CBP system represented .90% of the total antibiotic use data in public healthcare institutions of Shandong. The platform collects each procurement record of different healthcare institutions, including name of region, name of buyer, procurement date, receiving date, drug name, strength, dosage and package, request quantity and unit price. We collected all the procurement records for antibiotics (except for first-line anti-TB antibiotics and topical antibiotics) between 2012 and 2016 from the CBP system.
Data analysis
Public healthcare institutions are healthcare institutions run by the government. They were grouped into secondary and tertiary hospitals, urban PHCs and rural PHCs. Secondary and tertiary hospitals included general, specialized and Chinese traditional hospitals. Urban PHCs were healthcare centres in urban areas, while rural PHCs were township hospitals. Healthcare centres and township hospitals were also responsible for procuring medicines of healthcare stations and village clinics, respectively. Antibiotic utilization data were standardized using Anatomical Therapeutic Chemical (ATC)/DDD methodology developed by WHO. 17 In the ATC classification system, medicinal products were classified into different groups based on the organ or system they act, and their therapeutic, pharmacological and chemical characteristics. All the antibiotics were classified at the ATC-4 level. DDD is a standardized unit of measurement, representing the average maintenance dose per day of a drug used for its major indication in adults. The intensity of antibiotic use was normalized according to DDD per 1000 inhabitants per day (DID). The number of inhabitants was counted according to the year-end population reported by the Statistical Year Reports of Shandong (2012-16) (http://www.stats-sd.gov.cn/col/col211/index.html). We used DDD to compare antibiotic consumption in different categories of healthcare institutions, as the number of patients using antibiotics in each healthcare institution was not available in the CBP system. DDD was calculated as number of boxes (vials) % number of pills (or other drug forms) % strength (g) of each pill (other drug forms)/DDD of the antibiotic (g).
Results
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Antibiotic consumption in China JAC peak of 15.802 DID in 2014, and thereafter decreased to 13.802 DID in 2016. Though the consumption of oral antibiotics was about two times the consumption of parenteral forms, they shared a similar varying trend with that in the whole province. The increasing rates for both oral (24%) and parenteral agents' consumption (22%) were .20% from 2012 to 2014, while the reduction rate for the parenteral antibiotics from 2014 to 2016 was much higher than that for oral antibiotics (22% versus 8%) ( Figure 1 ). In 2016, penicillins was the most commonly used class of antibiotics (4.251 DID), followed by quinolones (2.957 DID) and macrolides (2.057 DID). Quinolones was the only class of antibiotics that appeared to have a stepwise increase from 2012 (1.894 DID) to 2016 (2.957 DID). The most widely used quinolones were levofloxacin and ofloxacin. Although first-and second-generation cephalosporin consumption declined from 2014 to 2016, the DID of the third-generation cephalosporins remained constant at 1.4 DID over the same period ( Figure 2) .
As shown in Figure 3 , the most frequently used penicillins were extended-spectrum penicillins. After reaching a peak in 2014, consumption of narrow-spectrum penicillins reduced by 42% from 2014 to 2016, whereas extended-spectrum penicillins decreased by just 12%. Combinations of penicillins (mainly piperacillin and enzyme inhibitor) continued to increase from 2012 to 2016. More detailed information regarding the consumption of different classes of antibiotics is listed in Table S1 (available as Supplementary data at JAC Online).
In 2016, 80% of antibiotics were consumed in the PHCs with the majority (88%) being used in rural PHCs. In the rural PHCs, antibiotic consumption rose by 18% from 2012 to 2014 then fell by 19% from 2014 to 2016. In the urban PHCs, antibiotic use increased each year, and the 2016 consumption was 1.6 times that of the 2012 consumption. In hospitals, the overall antibiotic consumption in 2015 had more than doubled from 2012, but then it fell by 25% in 2016. In hospitals, the consumption of both oral and parenteral forms reached a peak in 2014, with oral forms falling more quickly than parenteral forms from 2014 to 2016. In urban PHCs, both oral and parenteral antibiotic use steadily increased. Compared with 2012, the consumption of oral and parenteral agents increased 86% and 19%, respectively, in the urban PHCs in 2016. In the rural PHCs, oral and parenteral antibiotic consumption declined 12% and 33% from 2014 to 2016, after 3 years of growth (Figure 4) .
The three most commonly consumed antibiotics in both the rural and urban PHCs were penicillins, quinolones and macrolides, whereas the third-generation cephalosporins replaced quinolones as one of the top three in hospitals in 2016. In hospitals, the consumption for almost all the antibiotics fell in 2015 after a substantial increase between 2013 and 2015. In rural PHCs, a turning point appeared in 2014 for most classes of antibiotics. Quinolones was the only class of antibiotics that had a higher consumption in 2016 than that in 2015. In the urban PHCs, the trend of antibiotic consumption was the opposite of that in the hospitals. The consumption slightly dropped in 2015 then remarkably grew in the following year ( Figure 5 ). Yin et al.
Discussion
The CBP system provides a unique data source for monitoring the use of medicines, including antibiotics, in all public healthcare institutions from tertiary hospitals to village clinics in China. To the best of our knowledge, this study is the first to attempt to describe and compare antibiotic consumption trends in public healthcare institutions using reliable data from the CBP system in China. We found that antibiotic consumption increased first then decreased in the healthcare institutions run by the government in Shandong from 2012 to 2016. The turning point appeared in 2014 for rural PHCs, and in 2015 for hospitals. However, antibiotic consumption in urban PHCs has continuously increased in the past 5 years. Broadspectrum antibiotics were used more than narrow-spectrum antibiotics. Unexpectedly, this study reported a similar or even lower antibiotic consumption in Shandong compared with that reported by some high-income countries (10-32 DID) . 1, 18 In these developed Antibiotic consumption in China JAC countries, antibiotics were mostly only available in healthcare institutions with prescriptions; however, oral antibiotics are easier to access without prescriptions in China, e.g. through drugstores and markets. 19, 20 Although the China FDA forbade retail pharmacies to sell antibiotics without prescriptions from 2004, few pharmacies have complied with this regulation. A recent study conducted in three cities using the simulated client method, which respectively on behalf of eastern, centre and western areas of China, revealed that people can get antibiotics without prescriptions from more than half of the retail pharmacies. 21 Meanwhile, basic medical insurances in China enabled residents to purchase medicines in private pharmacies conveniently. The insurance premiums were made up of personnel payment, employer's payment or government subsidy in China. Personnel payment was stored in the individual or household account, which could be used to pay for medicines at appointed retail pharmacies. This indicates that a considerable part of the antibiotic needs was covered by private pharmacies instead of PHCs. The easy availability of antibiotics by this route has caused a high rate of self-medication and irrational use of antibiotics among Chinese residents. 22, 23 The 5 year national action plan to fight against AMR issued in 2016 reproposed to restrict antibiotic selling in the market and to ensure that antibiotics are prescription-only products in all retail pharmacies by 2020. 24 The long-term effects of this policy need to be estimated further.
The Chinese government has continuously put forward antimicrobial stewardship policies, but not until mid-2014 was the need for improving antibiotic use in primary healthcare institutions stressed. This strategy may help to reduce antibiotic consumption in PHCs. However, specific requirements such as antibiotic prescribing targets set in secondary and tertiary hospitals were not available for PHCs. Since 2015, the comprehensive reform of public hospitals has been implemented throughout China. As a core element of the public hospital reform, a zero mark-up policy was implemented to help lower the antibiotic prescribing rate in county-level hospitals. 25 Similarly, the implementation of zero mark-up policy in secondary and tertiary hospitals in Shandong may also contribute to the downward trend of antibiotic consumption in hospitals. In contrast, the consumption in urban PHCs displayed an increased trend during the same period. In urban areas of China, both urban PHCs and hospitals are easy to access by walk-in patients, so people prefer to visit big hospitals with a higher level of medical technologies even though they suffered from minor illnesses. 26 However, our findings revealed a possibility that patients flowed to urban PHCs due to the stricter constraints on antibiotic use in hospitals. The reduction of parenteral agents also reflected the efficacy of government policies. Since 2015, the intravenous injection rate has been used as an index of performance assessment in PHCs in Shandong. This could explain the rapid decline of parenteral antibiotic consumption in rural PHCs.
Extended-spectrum antibiotics were widely used in Shandong as well as numerous countries. 1, 27 In this study, penicillins with extended spectrums were consumed far more than the other subgroups in Shandong, similar to that in other countries or regions. 1, 18 In addition, combinations of penicillins, which are often defined as extended-spectrum antibiotics, grew year by year. Quinolone consumption also had an increasing trend, as Yin et al.
discovered in this study. In 2016, the US FDA stated that quinolones should be only used for those who have no other treatment options. 28 However, this class of antibiotics is commonly prescribed to patients with uncomplicated infections such as diarrhoea or bronchitis in China. 29 Unfortunately, the use of quinolones does not only cause serious adverse drug effects, but also largely increases the risk of bacterial resistance to this class of antibiotics and leads to environmental contamination. 30, 31 The pattern of antibiotic use in Shandong greatly depended on antibiotic use in PHCs as .80% of the total antibiotics were consumed there. Therefore, PHCs should be the focus of antimicrobial stewardship. Irrational use of antibiotics in rural and urban PHCs has been extensively reported. [32] [33] [34] However, there is no regulation that guides antibiotic use in primary medical care. Some trials demonstrated that the interventions of desk guides, public reporting, peer review or recording justifications for antibiotic use have been effective at improving antibiotic use in PHCs. 35, 36 Specific guidelines and regulations that could improve antibiotic use in PHCs should be developed.
This study systematically analysed the trend of antibiotic consumption in different levels of public healthcare institutions in Shandong, China, which provides valuable evidence to national and provincial governments for further developing antibiotic stewardship policies with more clear targets. In addition, the findings and experiences from this study contribute to setting up a national antibiotic consumption monitoring platform based on the CBP system for improving the rational use of antibiotics. This would then make it possible to map the whole picture of antibiotic use in the public healthcare institutions, which would be an important contribution to global antibiotic control.
The findings of this study are subject to several limitations. First, we only collected antibiotic consumption data from public healthcare institutions. However, a portion of consumption occurred at private pharmacies where such data were not available. Thus, the overall antibiotic consumption in Shandong Province will be under-estimated. Second, there were no consumption data before 2012 in Shandong, so the effects of earlier antibiotic-related policies could not be identified. Third, being limited to the natural experimental study design, the causal relationship between policies and changes cannot be proved in this study. Finally, we only used descriptive statistics; however, statistical significance would not add extra meaning to the results.
Conclusions
The reduction of antibiotic consumption in public healthcare institutions may be associated with national policies on improving antibiotic use. Rural PHCs have large amounts and small reductions in antibiotic consumption whereas urban PHCs increased their antibiotic consumption, thus specific regulations for antibiotic use in PHCs need to be formulated and strengthened.
